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G: the gap of most narrow passageway between the flat

surface
w: dynami
D: mean ¢
Q: desirec

of the disc and disc seat;

¢ viscosity of the fluid;

iameter of the flat sealing surface of the disc;
| fluid flow rate;

W: breadt]

1 of the flat sealing surface of the disc;

AP: pressure differential across the gap (G).
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1
DISC CHECK VALVE CONSTRUCTION

BACKGROUND OF THE INVENTION

This invention relates to a disc check valve construction for
a fluid delivery system useful for dispensing precise volumes

of fluid.

Prior to the present invention, fluid delivery systems have
been available which minimize system volume and which
mimmize mtermixing ol fluids while delivering a precise
amount of a fluid for use such as 1n a chemical reaction. These
systems generally are utilized for chemical processes such as

diagnosis or analytical apparatus or for processes that involve
a large number of sequentially effected chemical reactions
such as 1n protein synthesis, deoxyribonucleic acid (DNA)
synthesis or when sequencing proteins.

Check valves that permit fluid flow 1n only one direction
are commonly utilized 1n fluid delivery systems to eil

ect

delivery of discrete fluid volumes sequentially from a flmd
reservoir to a point of use. When utilizing such tluid delivery
systems, 1t 1s desirable to minimize conditions, which may
result 1n varnation i volume of the discrete fluid samples
being delivered. In order to minimize such volume varniations,
it 1s desirable that the check valve have a quick response to
changes 1n pressure, a large hydraulic force applied to the
movable portion of the check valve such as a ball, and that the
movable portion does not chatter or slam when moved. In
addition, it 1s desirable that the check valve have a low inter-
nal volume for high performance fluid delivery systems.

Accordingly, 1t would be desirable to provide a check valve
and a fluud delivery system which utilizes a check valve
construction which reduces back pressure within the valve
thereby reducing the pressure needed to move the movable
portion of the valve and to provide a quick response time for
opening or closing the valve.

SUMMARY OF THE INVENTION

In accordance with this invention, a check valve construc-
tion and system utilizing the valve are provided. The check
valve construction has two independent movable disc ele-
ments each of which functions to open or close a fluid pas-
sageway. The movable disc elements fit within the disc cham-
ber containing a spring device that serves to move and center
the disc within the chamber. The disc of the check valve
includes a convex surface that intersects with a flat surface as
well as araised element positioned on the convex surface. The
raised element 1s confined by the spring and serves to position
the disc within the disc chamber and to contact the spring to
control disc movement within the disc chamber. When the
valve 1s open, the disc 1s moved away from a flat seat thereby
forming gaps that permit fluid flow within close proximity of
the surface intersections. The gaps are sized both to permit
fluid flow around the movable disc element and to reduce
back pressure on the flat surface of the movable disc element.
This reduced back pressure permits the movable disc element
to be moved more quickly between the open position and the
closed position for a given pressure on the disc element.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a cross sectional view of a fluid delivery system in
a fluid delivery position when the disc valves of this invention

are open.
FI1G. 2 1s aclose up view of the fluid delivery system of FIG.

1 showing the gaps that permit tfluid tlow.
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2

FIG. 3 1s a cross section of a fluid delivery system of the
system of FIG. 1 1n a closed position.

FIG. 4 1s an 1sometric view of the movable disc of the valve
of this invention.

FIG. 5 1s an 1sometric view of the spring retainer for con-
trolling the position of the disc within the disc chamber.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring to FIG. 1, a fluid delivery system that utilizes the
disc check valve construction of this imvention 1s shown 1n
fluid delivery position. The flmd delivery system 10 includes
a pump (not shown), downstream of fluid passageway 12. The
direction of movement of the fluid 1s shown by arrow 14. With
this fluid movement, valve 18 having disc 20 and valve 22
having disc 24 are open. When the pump 1s activated cylinders
28, 30 and 32 are filled with fluid from a fluid reservoir (not
shown) and directed to the point of use (not shown) in the
direction of arrows 26.

In accordance with this invention, the gaps and position of
narrow passageways between the movable disc element and
disc seat or seat cage for the disc element 1s controlled to
reduce back pressure on the movable disc element.

Referring to FIG. 2 the gaps (G) which provide the desired
back pressure during use are shown gaps () are positioned at
the sealing band between the flat surface of the discs 20 and
24 and disc seats 44 and 46 and the intersection of the flat
surtace 19 and convex surface 21 of each disc 20 and 24. The
narrow gaps () formed when the disc valves 18 and 22 are
open are controlled by the retainer spring 36 for disc 20 and
retainer spring 38 for disc 24. The retainer springs 36 and 38
retain the discs 20 and 24 by housing and confining the raised
clement 40 of disc 20 and raised element 42 of disc 24 so that
the discs 20 and 24 remain 1n a centered position within disc
cages 23 and 25. When the discs 20 and 24 are positioned on
disc seats 44 and 46 1n a closed position, the gaps (G) 60 and
62 are closed. The gaps 50 and 54 always stay open. The
closed or open state of the gaps (G) 60 and 62 are controlled
by retainer springs 36 and 38 as well as the fluid pressure on
the discs 20 and 24. The gaps (G), 50 and 54 are maintained
between about 0.005 inch and about 0.010 inch, preferably
between about 0.0005 inch and about 0.005 inch and, most
preferably about 0.001 inch. When the disc valves are open,
the gaps 60 and 62 are between about 0.0005 1inch and about
0.010 inch, preferably between about 0.0005 inch and about
0.005 1inch, and most preferably about 0.001 inch. These gaps
are controlled by the spring constant of spring retainers 36
and 38 and the upstream fluid pressure on the discs 20 and 24
exerted by the pumps (not shown). By controlling the gaps
((3) 1n this manner, the desired reduction of back pressure on
discs 20 and 24 1s achieved.

Reterring to FIG. 3, the discs 20 and 24 are shown 1n the
closed position so that only gaps (G) 50 and 54 are open.
When the disc valves 18 and 22 are closed, gaps (G) 60 and 62
are closed.

The gaps (G) 60 and 62, when the disc valves 18 and 22 are
in the full open position are defined by the following equa-
tion:

3 124WQ
TDAP

Where:
G: the gap of most narrow passageway between the flat sur-
face of the disc and disc seat;
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w: dynamic viscosity of the tluid;

D: mean diameter of the flat sealing surface of the disc;
Q: desired fluid flow rate;

W: breadth of the flat sealing surface of the disc;

AP: pressure differential across the gap (G)

Referring to FIGS. 4 and 5, a check valve of this invention
1s shown which includes a movable disc 64 having a flat
sealing surface 68 and a leading convex surface 69 that inter-
sects the flat surface 68 about the periphery of the convex
surface 69. A raised element 72 of each disc 64 is provided
which fits into opening 78 of spring 73 (FIG. 5). Spring 73
comprises the springs 36 and 38 of FIGS. 1, 2 and 3. The
raised element 72 1s confined by opening 78 so that the disc 64
remains centered within opening 78 about central axis 79 of

disc 64.

The mvention claimed 1s:

1. A check valve construction which comprises:

a movable disc having a convex surface and a planar, cir-
cular base,

a flat surface forming said base, and

a raised element on said convex surface,

a spring comprising an aperture sized to {it the spring over
said raised element and to contact said convex surface at
the base of said raised element;

a cage for said disc, said cage comprising:

a first seat for the flat surface of said disc and forming a
fluid 1nlet,

a second seat for said spring and forming a fluid outlet, and

an annular surface connecting the first seat to the second
seat; and defining a fluid path between said disc and said
annular surface of the cage;

wherein said spring 1s effective to orient the disc within the
cage and to bias the disc toward the flat surface; and to
allow the disc to move away from the first seat 1n
response to a pressure differential thereby creating a gap
between the first seat and the flat surface and creating a
fluid path from said flmd inlet, around the disc and to
said fluid outlet;
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including a narrowest portion of the fluid path defined by
the equation:

o3 12uWQ
 aDAP

Wherein

G: the gap of most narrow passageway between the flat
surface of the disc and disc seat;

w: dynamic viscosity of the fluid;

D: mean diameter of the flat sealing surface of the disc;

Q: desired fluid flow rate;

W: breadth of the flat sealing surface of the disc;

AP: pressure differential across the gap (G).

2. The check valve construction of claim 1 wherein the gap
1s between about 0.0005 inch and about 0.010 inch.

3. The check valve construction of claim 1 wherein the gap
1s between about 0.005 inch and about 0.010 inch.

4. The check valve construction of claim 1 wherein the gap
1s about 0.001 1nch.

5. A fluid delivery system including two check valve con-
structions of claim 1 connected 1n series, a tluid delivery
channel into said check valves and a fluid delivery channel out
of said check valves.

6. A flmd delivery system 1ncluding two check valve con-
structions of claim 2, connected in series, a fluid delivery
channel into said check valves and a fluid delivery channel out
of said check valves.

7. A fluid delivery system including two check valve con-
structions of claim 3, connected in series, a fluid delivery
channel into said check valves and a fluid delivery channel out
of said check valves.

8. A fluid deliwvery system including two check valve con-
structions of claim 4, connected 1 series, a fluid delivery
channel into said check valves and a fluid delivery channel out
of said check valves.
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